There was studied the relationship between polymorphic variants of APOC3 (rs2854117), PON1 (rs854560, rs662), AGT (rs4762, rs699) and AGTR1 (rs5186) genes with the results of cognitive tests in patients with chronic heart failure (СHF) of ischemic genesis and healthy persons. The general group included 50 patients with CHF of II-IV functional classes, the control group -50 healthy volunteers. Cognitive functions were estimated by 5 th and 7 th subtests of Wexler and Burdon's test. There was revealed statistically significant correlation between the polymorphism of APOC3, PON1, AGT, AGTR1 genes and the results of cognitive tests in patients with CHF and healthy persons. These data suggest that the polymorphism of the studied genes may be important in the genetic susceptibility to the formation and progression of cognitive disorders.
Introduction
Today a great emphasis is put on the question of cognitive impairments in patients with various neurological and somatic disorders. And a high incidence of cognitive failures and their unavoidable after-effects, such as worsening of life quality and decrease of proper treatment, display interdisciplinary origin of the problem, and the need of early diagnostics of cognitive disorders by doctors of any specialization. According to O.S. Levin's data about 3 million people in Russia suffer from dementia, and more than 18 million people are likely to have moderate cognitive impairments (MCI) [1] . Besides, ageing of population in the developed countries makes the problem of early diagnostics and correction of cognitive failures more actual.
Obviously, that the incidence and severity of cognitive impairments vary depending on the age, which, in particular, is associated with a physiological reduction in the activity of dopaminergic and noradrenergic mediation. Old age is the strongest and independent risk factor of developing of the higher brain functions impairment. It is necessary to be noted that the research of population on the incidence and possible causes of the development of cognitive impairments are chiefly carried among persons of old age, and the results display predominant neurodegenerative origin of brain disorder and frequent detection of dementia [2, 3] . But we think that the group of patients of middle age presents more interest. In this group light and moderate cognitive impairments are brought to the foreground, they may be corrected to a certain extent and as a result may prevent the development of dementia. Taking into account high incidence of cardiovascular diseases among the patients of this group, the study of evidence of cognitive failures in patients with coronary artery disease (CAD) and chronic heart failure (СHF) is one of the most perspective areas for research. As we know, the presence of cognitive impairments in this group of patients worsens the course and prognosis of the disease, but at the same time the progress of a cardiovascular pathology stimulates the increase of cognitive failures presentation and formation of dementia [4, 5] .
Recently we have studied the evidence of cognitive impairments in patients with CHF of ischemic genesis. It was found out that cognitive functions of the patients depend on severity of CHF and evidence of atherosclerotic process, with the involvement of the head and neck arteries [6] . In addition, we identified a number of statistically significant correlations between the results of cognitive tests and polymorphic variants of APOC3 and PON1 genes encoding proteins transporters of lipids, and of AGT and AGTR1 genes, encoding proteins of renin-angiotensin-aldosterone system [7] [8] [9] [10] . Similar results were not mentioned in the literature before. If the strong effect of CHF and atherosclerosis on the results of cognitive tests can be explained by the worsening of brain perfusion, clinical and prognostic value of polymorphism of genes in cognitive functions is still not clear. On the one hand point mutation of these genes can lead to cardiovascular pathology developing, what has a negative impact on a cognitive status of patients. However, there may be a direct effect of the final products of these genes on the central nervous system and its functions. So, we think it expedient to keep studying the impact of polymorphism of APOC3, PON1, AGT and AGTR1 genes on cognitive functions not only in patients with CHF of ischemic genesis, but also in persons without any cardiovascular and neurological pathology.
It is necessary to note that earlier some scientists have tried to denote the role of polymorphism of genes in cognitive impairments developing, but such studies included patients with evident psycho-neurological pathology, as Alzheimer's disease, schizophrenia, etc. [11] . Besides, there had been studied polymorphism of genes influencing only on dopaminergic and serotonin systems [12, 13] . Nevertheless, the results we have got earlier can display the ability of polymorphism of genes impact on various kinds of metabolism in brain neurons, which, finally, predisposes cognitive deficiency developing. We considered it possible to start with a small sampling, as this method is widely spread in pilot studies of such questions [14, 15] .
Purpose: to study the relationship between polymorphic variants of APOC3, PON1, AGT and AGTR1 genes with cognitive functions in patients with CHF of ischemic genesis and in healthy persons.
Material and Methods
The general group included 50 patients with CHF of II-IV functional classes accompanied by CAD, aged from 45 to 65 years (average age 55.7 years). The criteria for the exclusion were acute and sub-acute forms of the ischemic heart disease (IHD), severe somatic pathology, that can give its own effect on the development of the cognitive deficiency, particularly, diabetes mellitus, acute disturbance of cerebral blood circulation in past history, hemodynamically significant stenoses and atherosclerotic plaques of the arteries of the head and the neck (according to duplex ultrasound investigation), dementia features defined by mini mental score examination scale (MMSE).
The control group included 50 healthy volunteers aged from 20 to 25 years (average age 21.5 years). The age of the control group was chosen according to the following reasons. The literature data display that at the age of 20-25 years cognitive functions achieve maximal point of developing, besides, persons from this age group have minimal risk of cognitive disorders progress (vascular defect, neurodegenerative processes in brain, tumors, etc.) [16] . We consider that such control group responds to the aim of the given study, as it excludes mediated impact of the studied genes on cognitive functions by vascular pathology.
Taking into account individuality of a genetic structure of different populations, the study included only unrelated persons of Caucasian race, living in Saratov and Saratov region.
Cognitive functions were estimated by 5 th and 7 th subtests of Wexler and Burdon's test. Operative memory and attention, visual-motion learning, shifting of an attention and detracting were estimated by these tests. The choice of these tests is conditioned by their popularity and simplicity [13] . Besides, in recent studies we have shown an efficiency of using the tests in diagnostics of MCI in patients with CHF of ischemic genesis. The comparison of different results of cognitive tests in carriers of various studied polymorphic genes have been performed separately both in the group of the patients with CHF and in healthy persons. Polymorphic variants of APOC3 -482 C>T (rs2854117), PON1 L55M А>Т (rs854560), PON1 Q192R A>G (rs662), AGT T174M C>T (rs4762), AGT M235T T>C (rs699) and AGTR1 А1666С А>С (rs5186) genes were identified using the system of genetic analysis "PyroMark Q24". The characteristics of polymorphic variants of studied genes are presented in Table 1 .
Method of factorial dispersion analysis "ANOVA" by the program Statistica-7 was used, after the test of normalcy of distribution. To avoid the problem of multiple comparisons there was used Kruskal-Wallis test for the number of independent samplings.
Genotypes with the presence of the mutant allele (homozygote and heterozygote) were combined into one group, and wild homozygotes -into another one.
Results
The distribution of the frequencies of genotypes of the studied genes in patients with CHF of ischemic genesis and in healthy persons is presented in Table 2 . The established distribution of genotypes corresponded to expected distribution inclusive of Hardy-Weinberg equilibrium. There were not revealed the statistically significant correlations between polymorphic variants of studied genes and myocardial infarction, functional classes of CHF, the expulsion fraction of the left ventricle and heart cavity sizes determining in Doppler imaging during factorial dispersion analysis in patients with CHF. But there was revealed the association between the results of cognitive tests with the polymorphic variants of APOC3, PON1, AGT and AGTR1 genes both in the main and control groups. In addition, it draws attention to the different effects of the risk alleles of these genes on the results of cognitive tests of the patients from the general and control groups. Thus, the risk allele of gene APOC3 -482 C>T (genotypes CT+TT) was connected with the worsening of attentiveness in healthy persons, and, quite the opposite, with improving of Bourdon's test results in patients with CHF of ischemic genesis.
Mutation of PON1 gene, especially in Q192R A>G position, in patients with CHF was associated with a worsening of attentiveness and operative memory according to the 5th Wexler subtest. In addition, results of cognitive tests in the group of healthy people were better than in carriers of mutant allele of this gene.
Polymorphic variants 174M and 235T of AGT gene are associated with worsening of Bourdon's test and 5 th Wexler subtest in patients with CHF. There were no statistically significant correlations between polymorphism of AGTR1 gene and cognitive functions in patients with CHF. Opposite results were noted in the group of healthy persons. Mutation of AGT T174M C>T gene was associated with improving of cognitive tests, that is concentration of attention and precision of Bourdon's test performance. Also correlation between mutant allele C of AGTR1 A1666C A>C gene and improving of attentiveness in healthy persons were identified. The general results of this analysis are presented in Tables 3 and 4 .
Discussion
The obtained results confirm the established relationships between polymorphism of APOC3, PON1, AGT and AGTR1 genes with results of cognitive tests in patients with CHF of ischemic genesis [7, 8] . Correlations between polymorphism of these genes and cognitive functions of healthy persons have been revealed for the first time. This fact partially confirms our hypothesis of a direct influence of final products of the studied genes on brain neurons metabolism, and this can predispose developing of cognitive deficiency in cardiac patients and in healthy population.
It is not an unexpected connection of polymorphism of APOC3 and PON1 genes encoding proteins transporters of lipids with cognitive functions of the patients from both of the studied groups, taking into account an important role of lipid metabolism in constitution and functioning of the central nervous system. We think that the most interesting fact is the different results of actions of these genes' mutation on cognitive functions in patients with CHF and healthy persons. As we know, mutation of APOC3 -482 C>T gene is associated with increased triglycerides, LDL -cholesterol and apolipoprotein B, which can cause atherosclerosis progression and have a negative impact on cognitive functions of patients, predisposing to cognitive deficiency [17] . Although, it should be noted that our study included healthy persons and patients with CHF without hemodynamically significant cerebral atherosclerosis. Meanwhile, with cardiovascular pathology and probably chronic brain ischemia, high concentration of atherogenic lipoproteins, associated with allele of risk T APOC3 -482 C>T gene, has some protective impact on metabolic processes in brain and cognitive functions in patients with CHF. This supposition confirms to some degree the results we have received earlier: worsening of memory and attention in patients with CHF with decrease of atherogenic cholesterol fractions, and also findings of other authors displaying worsening of cognitive tests with decreasing of total cholesterol and LDL-cholesterol in blood [18] .
The correlation of polymorphism of PON1 (L55M А>Т and Q192R A>G) gene with cognitive functions in patients with CAD, is probably mediated not only by impact of this gene on lipid metabolism by the increase of atherogenic cholesterol fractions and LDL peroxidation, but also by paraoxonase features to flexible hydrolysis of toxic organo-phosphorous metabolites which may have negative impact on brain and its functions [19] . The latter is more interesting for the group of patients of middle age with CHF who has had one or more episodes of intoxication of various origins. We can suppose that change of paraoxonase activity connected with mutation of PON1 gene, may play a diverse role in developing of cognitive dysfunction in persons with CHF of ischemic genesis. Taking the above into account, the reason of relevant decrease of results of cognitive tests in healthy group, having also mutants of the studied genes, is not determined.
As to AGT and AGTR1 genes, influencing on the activity of one of the main neurohumoral systems, revealing their connection with the results of cognitive tests not only in patients with CHF, but in healthy persons, is unexpected to some degree and need to be studied further to understand its impact on central nervous system. We can suppose that even imperceptible increase of vasoactive hormones of the renin-angiotensin-aldosterone system in healthy persons connected with mutation of the mentioned genes may be the reason of activation of adaptive mechanisms, as increase of cerebral and coronary blood flow, which can improve cognitive functions. Conversely, long pathological hyperactivation of this humoral system is typical to patients with CHF and CAD and has a negative impact on brain functions because of a constant and immoderate arteriole spasms, edema syndrome developing and wide spectrum of metabolic failures, which may cause cognitive dysfunction progress.
Thus, APOC3, PON1, AGT and AGTR1 genes are associated with the severity of cognitive dysfunction both in patients with CHF of ischemic genesis and in healthy persons. Determining of their polymorphic variants may cause an early revealing of underlying risk for cognitive deficiency.
Conclusion
In conclusion it is necessary to be noted that these results should be evaluated with account of all known problems with analysis of point mutations and their role in genetic underlying for multifactorial diseases developing. In particular, the problem of estimation of a supposed contribution of genetic component into multifactorial diseases developing and paradox of "missing" ("disappearing") heredity must be considered. Unfortunately, today it is possible to denote only a group of risk of multifactorial diseases, but not to forecast the risk of individual multifactorial diseases on the base of genetic analysis [20, 21] . Certainly, it is necessary to keep studying the value of polymorphism of the presented and studied genes, as well as epimutations in developing of cognitive failures in patients with CHF and in healthy persons on the whole.
